Comment
Chloranilic acid (2,5-dichloro-3,6-dihydroxy-1,4-benzoquinone), a strong dibasic acid with hydrogen-bond donor as well as acceptor groups, appears particularly attractive as a template for generating tightly bound self-assemblies with various pyridine derivatives (Ishida & Kashino, 1999a ,b,c, 2002 Zaman et al., 1999 Zaman et al., , 2000 Akhtaruzzaman et al., 2001; Ishida, 2004a,b,c; Tabuchi et al., 2005) as well as a model compound for investigating hydrogen transfer motions in O-H· · ·N and N-H· · ·O hydrogen bond systems (Nihei et al., 2000a,b; Ikeda et al., 2005) . Recently, it has been revealed by Horiuchi, Ishii et al. (2005) that the title compound, consisting of nonpolar C 12 H 8 N 2 and C 6 H 2 O 4 Cl 2 molecules held together through O-H· · ·N hydrogen bonds, has a ferroelectric phase (designated as phase II) below 253 K. The compound in phase II crystallizes in P2 1 , while it is P2 1 /n in the room temperature phase (phase I). have also found that the transition temperature is elevated by 51 K for phazine-deuterated chloranilic acid (1/1), C 12 H 8 N 2 .C 6 D 2 Cl 2 O 4 , indicating the significant effect of the hydrogen bonding on the phase transition. In these phases, we have measured the temperature dependence of 35 Cl nuclear quadrupole resonance (NQR) frequencies and spin-lattice relaxation time T 1 (Asaji et al., 2006) . The single NQR line observed in phase I is consistent with the reported crystal structure in space group P2 1 /n. The line splits into a doublet below the transition point (the resonance frequencies are 36.880 and 36.750 MHz at 209 K), indicating that the chloranilic acid has lost its centre of symmetry and that the two Cl atoms in the chloranilic acid are inequivalent in phase II. This observation excludes the centrosymmetric space group P2 1 /n in phase II and is consistent with the space group P2 1 proposed for the ferroelectric phase of the compound. The two N atoms of the phenazine molecule in phase II have also been found to be inequivalent by 14 N NQR measurements (Seliger, 2006) . Furthermore, the existence of a hydrogen transfer motion in the hydrogen bond was suggested from the 35 Cl NQR T 1 measurements.
Very recently, heat capacity measurements by Saito et al. (2006) in the lowest temperature phase (Hart et al., 1972) . In the present study, we have determined the structure of the newly discovered low-temperature phase (designated as phase IV) at 93 K and re-determined the structure of the ferroelectric phase (phase II) at 170 K in order to clarify the hydrogen bonding scheme in each phase.
The crystal in phase II was treated as an inversion twin and the refined structure ( Fig. 1) is consistent with that reported by Horiuchi, Ishii et al. (2005) , but more precise molecular geometries were obtained (Table 1) . The chloranilic acid molecule shows a characteristic structure, having four short C-C bonds [1.3547 (17)-1.4583 (15)Å] and two extremely long C-C bonds [1.5115 (18)-1.5251 (18)Å], which is explainable in terms of the double π system of the anion (Anderson, 1967c; Benchekroun & Savariault, 1995) . In the crystal, the phenazine and chloranilic acid molecules are arranged alternately through two kinds of O-H· · ·N hydrogen bonds (Table 2) to form a supramolecular chain running along the [110] direction (Fig. 2 ).
Intermolecular C-H· · ·O and intramolecular O-H· · ·O hydrogen bonds are also observed in the chain structure. The phenazine and chloranilic acid planes are considerably twisted, the dihedral angle between them being 44.51 (4)
• . The chains related by translation along the b axis are stacked together by π-π interactions to form a molecular layer extending parallel to the (001) plane. The interplanar distance between π-π interacting phenazine planes is 3. Table 2 ) and that the O4-H4 bond is much longer than the O2-H2 bond. These facts are explainable by a dynamic disorder of the atom H4 in the hydrogen bond, as suggested from NQR T 1 measurements (Asaji et al., 2006) .
Phase IV also crystallizes in the non-centrosymmetric space group P2 1 , which is consistent with the NQR result, and it is found to be twinned by inversion. The cell dimensions b and c are somewhat shortened, while the dimension a is lengthened. The molecular geometries (Table 3) and the arrangement of the molecules are essentially same as those in phase II, but in phase IV the H atom corresponding to H4 in phase II was found to be bonded to N2 (##AUTHOR: please approve the preceding change), which implies that salt formation occurs by donation of one of the two H atoms from chloranilic acid to the phenazine molecule in this phase (Fig. 3) . This fact is supported by the NQR result which implies the existence of the hydrogen chloranilate monoanion.
The resulting phenazinium cation and hydrogen chloranilate anion are linked together by N2-H4· · ·O4 and O2-H2· · ·N1 i hydrogen bonds (symmetry code as in Table 4 ), forming a chain running along the [110] direction (Fig. 4) around the O atoms (Ishida & Kashino, 1999a , 2002 Ishida, 2004a; Gotoh et al., 2006) . In phase II, the C-O bond lengths in one π electronic system of the chloranilic acid are within the above range [C1--O1 1.2269 (15) and C3-O2(-H2) 1.3204 (13)Å; Table 1 ], but those in the other system [C4--O3 1.2291 (15) and C6-O4(-H4) 1.2923 (13)Å] deviate slightly from the above values (##AUTHOR: please approve preceding re-wording). Taking account of both this and the NQR results, we conclude that the chloranilic acid in phase II has a charge close to, but not exactly, zero due to the proton transfer motion of atom H4. In phase IV, the C-O bond lengths in one π electronic system of the chloranilate monoanion are 1.2259 (15) and 1.3291 (13)Å for C1--O1 and C3-O2(-H2), respectively, while those in the other system are 1.2310 (15) and 1.2901 (13)Å for C4--O3 and C6-O4 − (Table 3) . The C4--O3 and C6-O4 in phase IV are longer and shorter, respectively, than those in phase II, being consistent with salt formation in phase IV. The change in the C4--O3 and C6-O4 bond distances between phase II and IV is, however, rather small and the C6-O4 − bond in phase IV is somewhat long compared with the typical C-O − bond. Thus, we conclude that the charge state of the chloranilate anion in phase IV is not exactly charge −1, due to the proton motion in the hydrogen bond. The difference in C-N bond lengths between phase II and IV is also small, again probably due to the proton motion, although a detectable difference can be expected from the calculated bond lengths for the isolated phenazine and the phenaziniun cation in the gas phase at the B3LYP/6-311 G(2 d,2p) level of theory by using the GAUSSIAN98 program (Frisch et al., 1998) ; the calculated C-N bond length of phanazine is 1.3373Å, while the C-N + (-H) and C-N lengths of the protonated cation are 1.3557 and 1.3345Å, respectively.
It is important to note that NQR measurements allow an unambiguous choice between space groups P2 1 and P2 1 /n. Since the NQR frequencies are sensitive to the electronic state of the resonant nucleus, and therefore to the structural environment of that atom, NQR is a useful method for obtaining conclusive non-crystallographic evidence for the resolution of centrosymmetric/non-centrosymmetric space group ambiguity (##AUTHOR: please approve preceding re-wording).
Experimental
Single crystals suitable for X-ray diffraction were obtained by slow diffusion between a solution of chloranilic acid (0.104 g) in ethanol (10 ml) and a solution of phenazine (0.090 g) in ethanol (10 ml). (##AUTHOR: please approve preceding re-wording). Symmetry codes:
Compound II

Crystal data
C 12 H 8 N 2 .C 6 H 2 Cl 2 O 4 M r = 389.19i) 1 + x, 1 + y, z; (ii) x − 1, y − 1, z.
Compound IV
Crystal data
For both phase II and IV, H atoms attached to O and N atoms were found in a difference Fourier map and refined isotropically. Refined distances are given in Table 2 and we confirmed that refinements in both P2 1 and P2 1 /n led to satisfactory structures in both phases. However, the ferroelectricity in phase II and the detection by Supplementary data for this paper are available from the IUCr electronic archives (Reference: PREVIEW). Services for accessing these data are described at the back of the journal. 
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